Mutagenicity studies in both man and in test organisms clearly demonstrate positive mutagenic activity of vinyl chloride. In terms of the mutagenicity studies using a variety of in vitro procedures covering both eukaryotes and prokaryotes, positive effects were found. Cytogenetic in vivo studies in animals and in humans indicate not only somatic mutations, but also germinal effects with this chemical.
The importance of mutagenicity studies for the evaluation of the genotoxicity of a chemical lies principally in the transmission of that genetic mutation to the offspring. Therefore, in order to evaluate the reproductive hazards to man of a potential carcinogen or mutagen, one must look at the results of mutagenicity testing in short-term tests. Today, a number of test systems are available in different organisms including bacteria, Neurospora, Drosophila, mammalian cells in culture and in vivo tests in rodents. Since a number of agents, including viruses and chemicals, can cause heritable mutations, it is important to identify these agents and to understand the different kinds of genetic diseases which they cause. October 1981 The kinds of genetic disease and the incidence of these anomalies per million live births are listed in Table 1 . The most frequent of these diseases concern congenital anomalies and constitutional and degenerative diseases which occur at a frequency of (Fig. 1) . The contribution of genetic anomalies to infant mortality, however, has increased during the same period from 5% in 1915 to 15% in 1965 (Fig. 1 ). An environmental component may be involved in the present incidence of birth defects and may be responsible for the increase in genetic aberrations. Magnusson and Ramel (14) reported positive results in the recessive lethal assay in Drosophila. In the Magnusson study, Drosophila were exposed to varying concentrations of vinyl chloride ranging from 1 to 20%. Increased frequencies of both complete and mosaic recessive lethals were seen. They also showed that following pretreatment of phenobarbital for 24 hr an even greater mutagenic effect from vinyl chloride was observed, which indicated a mixed function oxygenase system can be induced in flies which is similar to that reported in mammals.
A number of mammalian cell studies have been completed during the past few years. In one of these studies, increased metabolites were observed in Chinese hamster V79 cells (15) . However, in a study by Anderson et al. (16) , an increase in murine embryonic mortality was not seen in females mated to male mice who had received vinyl chloride prior to mating. These authors did report decreased fertility in the males which had received the highest dosage of vinyl chloride, or 50 ppm for 6 hr/day for 5 days. Surprisingly, however, these authors did not regard this fertility decline as "proven" even though 96% of the controls successfully bred while only 55% of the treated animals proved to be successful.
In recent years, chromosomal morphology from cultured peripheral lymphocytes has been studied by a number of investigators in workers exposed to vinyl chloride. In these reports (18) (19) (20) (21) (22) (23) 25) , increased frequencies of both chromatid and chromosomal damage have been reported. These increases are found to be correlated with the length of exposure as well as with a history of exposure to excursion levels of vinyl chloride during the year prior to sampling (23) . This study showed 3.18% abnormal cells in the autoclave workers while only 1.08% of the cells sampled from the controls had aberrations. A total of 57 workers were studied.
Ducatman (18) , as well as Funes-Cravioto (19) and their co-workers, reported a similar increase in chromosomal aberrations in 20 workers exposed to vinyl chloride. The most common type of cytogenetic damage reported in these studies were breaks and gaps (22) , although all types of chromosomal and 192 chromatid danage were seen. Similar results were also reported by Szentesi (21) , Kucerova (20) and Heath and co-workers (25) . A review of birth defects, and fetal wastage caused by vinyl chloride prepared by Downs et al. (26) for The Society of Plastic Industries, Inc. questioned the validity of some of the positive reports with human subjects. Although some of these studies can individually be questioned in terms of experimental design and conclusions drawn, the preponderance of evidence taken as a whole clearly indicate the mutagenic activity of vinyl chloride.
In an important follow-up study on vinyl chloride workers who had initially showed increased frequencies of chromosomal aberrations and who were later removed from that site in the plant to a less exposed area when re-examined two to two-andone-half years later, showed no differences in chromosomal aberration frequency when compared to controls either in the first study or in the follow-up study (22) . The original breakage rates of these workers were approximately 3.4%, but upon retesting, only 1.9% of the cells examined were found to have aberrations. These data are extremely important, in that they clearly demonstrate increased cytogenetic aberrations in vinyl chloride workers as well as provide documentation for a relationship between a reduction in exposure to vinyl chloride and normalized chromosomal breakage frequency.
Although the majority of mutagenicity studies in vinyl chloride have been found to be positive, there are, nonetheless, others which show no response (Table 3 ). These include one study using two different strains of Neurospora (12) a lambda prophage induction test (9) , and dominant lethal tests in both mice (16) and rats (17) . In addition, a cytogenetic study in man was also found to be negative in which both sister chromatid exchange frequencies, as well as chromosomal breakage, were studied following one five minute acute exposure to vinyl chloride (22) . However, the few studies which show no effect are certainly not persuasive in light of the volume and diversity of the other assays in which positive results are seen.
In man, there are also some epidemiological data which document an increase in spontaneous abortions in the wives of workers exposed to vinyl chloride (24) . Only husbands (workers) were interviewed in this study, and results showed increased spontaneous abortions in the wives of workers. However, had this report interviewed the wives of the workers, the percent of the observed frequency of spontaneous abortions would have been even more dramatic; therefore the results of this study should be considered conservative.
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In summary, there are now sufficient data from mutagenicity studies in man and in test organisms to clearly demonstrate positive mutagenic activity of vinyl chloride. In humans, there are data to indicate not only somatic mutations, which are seen as increased frequencies of chromosomal aberrations in lymphocytes of workers, but also increased spontaneous abortions in the wives of vinyl chloride workers, probably due to mutations occurring in the germ cells of the husbands. There are probably an even greater number of spontaneous abortions which had occurred in these people than those reported and which were simply not detected.
Thus, the hazard of vinyl chloride in reproductive studies is indeed considerable. There is a need for more epidemiological studies to determine the extent of the danger, but that certainly does not detract from the immediate need for an assessment and for public health intervention for exposure of both males and females to vinyl chloride and to structural analogs, using vinyl chloride as a biological model.
